The ultrastrong coupling of (quasi-)particles has gained considerable attention due to its application potential and richness of the underlying physics. Coupling phenomena arising due to electromagnetic interactions are well explored. In magnetically ordered systems, the quantum-mechanical exchange-interaction should furthermore enable a fundamentally different coupling mechanism.
In the quantum picture, the classical modes with counter-clockwise (ccw) and clockwise-precession (cw) are identified as spin-up and spin-down modes. The hybridized modes with linear polarization corresponds to spin-zero magnons [24] . The angles between the two sublattice magnetizations have been exaggerated for clarity.
and spin-zero excitations in a quantum picture. For a finite coupling between the spin-up and spin-down modes and the formation of a spin-zero hybridized state, spin-nonconserving interactions are required [24] . This mode mixing is associated with a breaking of rotational symmetry and leads to the lifting of the frequency degeneracy of orthogonal modes. Such a coupling can be induced by dipolar interactions [24] , but is typically very weak. In this work, we show that a very weak magnetic anisotropy that locally fulfills the required axial symmetry breaking can have a strong effect via exchange-enhancement. This allows to push magnon-magnon coupling into the ultastrong coupling regime. Fundamentally, this coupling mechanism is independent of the magnetic volume (as long as it is larger than the sub-nm exchange length cubed λ 3 ex ) due to the short-range nature of the exchange interaction.
In our corresponding experiments, we study the magnetization dynamics of a (111)-oriented single crystal Gd 3 Fe 5 O 12 (gadolinium iron garnet, GdIG) disk by broadband magnetic resonance (BMR) [26] . A schematic depiction of the setup is shown in Fig. 2(a) , along [121]
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/2π (GHz) In Fig. 2(b) , we show the normalized background-corrected field-derivative of S 21 [27] recorded at fixed magnetic field magnitude µ 0 H 0 = 0.58 T applied at ϕ = 90
• . As discussed later, this situation corresponds to H 0 applied along an easy axis (e.a.) of the second-order cubic anisotropy. By fitting the data to Eq. (5), we extract the resonance frequencies f 1 and f 2 of the two observed resonances, their difference ∆f res and their linewidths κ 1 and κ 2 . In When applying H 0 along the hard axis, we obtain the resonance frequencies shown in and (g) for the easy and hard axis case respectively. From the frequency splitting ∆f res we extract the coupling strength as g c /2π = min |∆f res /2|. We find g c /2π = 0.92 GHz for the easy axis case and g c /2π = 6.38 GHz for the hard axis configuration. In the easy axis case, the extracted linewidths κ ↑ and κ ↓ for the two resonance modes are comparable or slightly larger than the coupling strength g c κ ↑ , κ ↓ (c.f. Fig. 2(f) ). Thus, the system is in the weak to intermediate coupling regime. For the hard axis case, a pronounced anti-crossing between the two modes is observed in Fig. 2(e) . In this case, the linewidths κ are at least three times smaller than the coupling strength g c . Hence the condition for strong coupling g c > κ ↑ , κ ↓ is clearly satisfied. Furthermore, the extracted coupling rate of g c /2π = 6.38 GHz is comparable to the intrinsic excitation frequency f r = (f 1 + f 2 )/2 = 17.2 GHz. The normalized coupling rate η = g c /(2πf r ) [8, 28] evaluates to η = 0.37. Consequently, we observe magnon-magnon hybridization in the ultrastrong coupling regime [1] . Importantly, the measured g c is the intrinsic coupling strength between spin-up and spin-down magnons.
This coupling strength is independent of geometrical factors, in particular, sample volume or filling factor. This is in stark contrast to the magnon-photon coupling typically observed in spin cavitronics [8, 21] .
To demonstrate that the coupling is continuously tunable between the extreme cases discussed so far, we rotated H 0 with fixed magnitude in the (111)-plane at T = 280 K.
The background corrected transmission parameter (see Supplementary Information) as a function of the angle ϕ is shown in Fig. 3 For both H 0 values, we observe two resonances for each value of ϕ, where the lower resonance frequency depends strongly on ϕ and the upper resonance frequency is nearly independent of ϕ. Overall, these results strongly indicate a ϕ-dependent level repulsion that allows to continuously adjust the coupling strength.
To understand the dependence of the coupling strength on ϕ, we analyze the cubic anisotropy landscape of our GdIG disk by plotting its magnetic free energy density F (c.f.
Eq. (7)) in Fig. 3(c) . The equilibrium orientations of the net magnetization for the easy and hard axis cases are indicated by grey dots in Fig. 3(c) . From these two orientations, the orange arrows point towards increasing F and the white arrows towards decreasing F .
For the easy axis case, orange and white arrows point in opposite directions, while they are aligned orthogonally for the hard axis case. The 180
• symmetry breaking of the easy axis case effectively cancels and restores axial symmetry [24] , in agreement with the weak coupling found in Fig. 2(d) . In contrast, we observe a 90
• breaking of rotational symmetry for the hard axis case. This mediates formation of energetically distinct orthogonally polarized spinzero magnons as discussed in the context of Fig. 1 and is in accordance with the ultrastrong coupling observed in Fig. 2(e) . Importantly, while the cubic anisotropies are very weak and would only result in a negligible magnon-magnon coupling on their own, their effect on the coupling is exchange-enhanced by the dynamically precessing magnetization as explained in the following.
We employ a two-sublattice model, which corresponds to the net Fe-and Gd-sublattice in GdIG, within the Landau-Lifshitz framework and macrospin approximation, treating anisotropies as uniaxial. This simple model captures the essential physics and provides physical insight based on an analytic solution. In practice, both of the distinct anisotropy contributions considered here are provided by the cubic crystalline anisotropy of the material. Parameterizing the intersublattice antiferromagnetic exchange by J (> 0) and uniaxial anisotropies by K (> 0) and K a , the free energy density F m is expressed in terms of the sublattice A and B magnetizations M A,B , assumed spatially uniform, as
where the first term is the Zeeman contribution due to the applied field H 0ẑ . We further 
where γ A,B are the respective sublattice gyromagnetic ratios, assumed negative. It is convenient to employ a new primed coordinate system with equilibrium magnetizations collinear withẑ . The ensuing dynamical equations are linearized about the equilibrium configuration which, on switching to Fourier space (i.e. M Ax = m Ax e iωt and so on), lead to the coupled equations describing the eigenmodes expressed succinctly as a 4×4 matrix equation: 
where ω c ≡ |γ||K a |M 0 is the bare coupling rate, considering γ A ≈ γ B ≡ γ and M A0 ≈ M B0 ≡ M 0 near the compensation point. F eq , given by 16KM 2 0 for the easy-axis configuration, is an equivalent free energy density comparable to the anisotropy contribution, parametrized by K. The bare coupling rate is thus boosted up to a maximum value of J/K at the compensation point yielding to a greatly enhanced coupling. Hereby a small coupling of ω c = 2π · 160 MHz originating from a weak cubic anisotropy present in GdIG is greatly enhanced as shown by the analytical model displayed in Fig. 2(e) , quantitatively describing our experimental observations. The amplification of coupling from 160 MHz to several GHz is an exchange-enhancement effect [30] [31] [32] . This (exchange-) enhancement is an embodiment of antiferromagnetic quantum fluctuations predicted similarly to amplify magnon-mediated superconductivity [33] .
Our findings demonstrate that previously typically neglected details of the magnetocrystalline anisotropy can lead to giant effects on spin-dynamics if they have the appropriate sym-metry and are exchange-enhanced. The ultrastrong and size-independent magnon-magnon coupling reported here opens exciting perspectives for studying ultrastrong coupling effects in nanoscale devices and exploring quantum-mechanical coupling phenomena beyond classical electrodynamics. The reported effect also enables the tuning and tailoring of quasiantiferromagnetic dynamics.
Note added: During the preparation of the manuscript, we became aware of a related study showing magnon-magnon coupling in the canted antiferromagnet CrCl 3 [34] .
In order to quantitatively extract the resonance frequencies ω res = 2πf res and the halfwidth-at-half-maximum linewidths κ, the real and imaginary part of ∂ D S 21 /∂H 0 are fitted at fixed magnetic field to [16, 27] 
where A is a complex amplitude, χ is a diagonal component of the Polder susceptibility, which describes the response of the dynamical component of the magnetization to an external oscillating magnetic field [35] , ∆H is the field step size of 10 mT/µ 0 and C = C 0 + C 1 H 0 is a complex linear offset. For the fitting, we use for the susceptibility normalized to the saturation magnetization [27] 
with |γ | the gyromagnetic ratio.
Material
Gadolinium iron garnet (Gd 3 Fe 5 O 12 , GdIG) is a compensated ferrimagnet consisting of three magnetic sublattices. The two nearly temperature-independent iron-sublattice magnetizations couple strongly antiferromagnetically to each other. They can be treated as one effective iron-sublattice. GdIG features a strongly temperature-dependent gadoliniumsublattice magnetization which is antiferromagnetically coupled to the iron-sublattice [36] in the considered temperature and magnetic field range, resulting in an effective two-sublattice system. Due to the temperature-dependence of the Gd-sublattice a compensation of the sublattice magnetizations occurs, where the net remanent magnetization vanishes at the so-called compensation temperature T comp which we determined with SQUID magnetometry measurements to T comp = 288 K. From temperature-dependent SQUID magnetometry measurements, we obtain the magnitude of both sublattice magnetizations as detailed in the Supplementary Information.
The single crystal GdIG disk was grown using traveling solvent floating zone method [37] and cut to a (111)-oriented disk with diameter d = 6.35 mm and thickness t = 500 µm.
Numerical model
Our numerical analysis follows the approach by Dreher et al. [38] . We start with the free energy density 
where γ A,B are the gyromagnetic ratios, assumed negative, of the respective sublattice magnetizations. The effective magnetic fields H eff,A and H eff,B are given by
We formulate the eigenvalue problem in the formχ Table S1 .
